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1. Introduction
In RAN2#60bis, the multiple patterns for semi-persistent scheduling (SPS) in uplink have been discussed [1], but it’s still open. The intention of multiple patterns is to resolve the collision in TDD when the UL semi-persistent scheduling is used for VOIP. Different solutions have also been proposed by other companies. These solutions are presented and analyzed in this paper, and the multiple patterns are still proposed at last. 
2. Problems and possible solutions
2.1 Collision case

For most UL/DL configurations in TDD, the HARQ RTT is 10ms. When UL SPS is used for VOIP, the second retransmission of previous packet will collide with the next persistently allocation, since the period of persistent resource is two times of the RTT. The collision case is shown in Fig1. For FDD, the HARQ RTT is 8ms, only the fifth retransmission will collide with persistently allocation. This means that the collision probability in TDD is much higher than in FDD.
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Fig 1 The collision case in TDD
2.2 Solutions

There are three alternatives to resolve the collision case above.
Alt1: only by dynamic scheduling
Alt1 is also the agreements in RAN2#60bis meeting:
· PDCCH is never ignored by the UE (so if it asks for a retransmission, the UE will perform a retransmission unless it has an empty buffer).

· Abort non-adaptive HARQ retransmissions that collides with a resource pre-allocated for an initial transmission.
With these agreements, if there are no other following subframes available, the eNB/UE will stop the process whose retransmission collides with a persistently allocation, even though the packet is not decoded successfully yet. If there are other following subframes available, the eNB will schedule the retransmission in current subframe, and schedule the initial transmission that was supposed to take place on the persistent resources in following subframes. It is better to schedule the retransmission but not always terminate it, however, two additional UL grant are needed. 
Alt2: a bit larger persistent periodicity

To keep common procedure for TDD and FDD, another solution is proposed in [2]: the periodicity of a SPS pattern is expressed in uplink subframes for TDD. And scheduler configures the SPS periodicity to a bit larger than 20ms, which is the packet inter-arrival time for VoIP.
Shortages for this proposal are:

1) Increases the jitter and air interface delay.
2) Increase the control overhead. One additional UL grant for new transmission is needed every 8 packets if we take the example in [2] into consideration.
3) Increase the complexity for implementation: the UE has to count the periodicity in UL subframe.
Alt3: multiple patterns
With this solution, a resource pattern with two different intervals like T1, T2, T1, T2…., are used to avoid the main collision between the second retransmission of previous packet and the persistently allocation. The procedure is given in Fig 2, in which T1 does not equal to T2 and the summary of T1 and T2 is always 40ms. The offset between T1 and T2 is several subframes, and a variable delta is used to indicate the offset. Following formulas are used to calculate T1 and T2:

T1 = SPS periodicity + delta;

T2 = SPS periodicity - delta;

Residual collisions will be avoided by dynamic scheduling like alt1. 
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Fig 2 Multiple patterns

2.3 Comparison
The intention of alt2 is to keep common procedure for both FDD and TDD in SPS handling. But it also introduces two much overhead. With alt1, two additional UL grants are needed to avoid the collision. The possibility of this scenario equals to the probability of second retransmission (assume that there are no subsequent collisions), which is about 0.02. But in alt2, additional BSR and a UL grant are needed to avoid the collision per 160ms if we think about the case in [2]. That means a BSR and a UL grant are needed per 8 packets, i.e. the probability is 1/8, which is much higher than 0.02. So alt2 is not a good choice even compared with alt1.

Alt1 and alt3 are compared by simulation in [3]. The simulation shows that VOIP capacity with alt3 is larger than alt1, especially when the UL grants are limited. It can be further concluded that alt3 will support more VOIP than alt1 when dynamic scheduling exists.
Proposal1: multiple patterns for UL SPS is supported.

3 Configuration of multiple patterns
It has been agreed to configure single pattern for SPS by RRC signalling and a PDCCH masked with SPS C-RNTI. The RRC signalling indicates UE related configuration for SPS, such as periodicity, transport format, feedback resource etc. And PDCCH is used to activate or reactivate the persistent allocation. The configuration for single pattern is described in Fig 3.
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Fig 3 Configuration of single pattern

There are two options to configure the multiple patterns so far:
· Option 1: by RRC signaling and one PDCCH;

· Option 2: by RRC signaling and two PDCCHs.
3.1 Option 1

In option1, the configuration procedure is similar with current agreements. The SPS resource with different intervals is activated or reactivated by one PDCCH, which is same as the single pattern. That means some special information is needed in RRC signaling for multiple patterns. It is simple to indicate the delta, i.e. the offset of the intervals, in RRC signaling for multiple patterns. 

To offer enough flexibility, the delta can be positive or negative. SPS intervals always start from a long one if delta is positive, and vice versa. For example, assuming T1 > T2, the first interval is always T1 if delta is positive; the first interval is always T2 if delta is negative.
3.1 Option 2

Another idea to configure multiple patterns is to look the multiple patterns as the overlapping of two single patterns. And two PDCCHs are used for activating or reactivating the two single patterns. The procedure is described in Fig 4 below:
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Fig 4 Configure multiple patterns with option 2

Two 40ms single patterns are configured by PDCCH1 and PDCCH2 respectively in Fig 4. And the first interval, i.e. T1 in the figure above, is determined by the distance of two PDCCHs. With this option, it is not needed to involve offset information in RRC signalling. 
3.3 Comparison
Option 2 provides more flexibility than alt1 in allocating SPS resource, but introduces more special handling compared with the procedure for single pattern. And two PDCCHs also increase the control overhead and decrease the reliability of SPS resource assignment. To keep common with current agreement, option1 is preferred.
Proposal2: One PDCCH is used for activating multiple patterns, and the offset information is involved in RRC signaling.
4. Conclusion
In this paper, to solve the collisions for UL SPS in TDD, three alternatives are given. After comparison, multiple patterns is preferred at last. The configuration for multiple patterns is also discussed. RAN2 is asked to discuss and agree following proposals:
Proposal1: multiple patterns for UL SPS is supported.
Proposal2: one PDCCH is used for activating resource for multiple patterns, and the offset information is involved in RRC signalling.
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